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7KH SDSHU LV RUJDQL]HG DV IROORZV WKH ILUVW VHFWLRQ SURYLGHV D EULHI EDFNJURXQG DERXW H[LVWLQJ








DOO DURXQG WKH ZRUG KDYH SXEOLVKHG WKHLU ZRUN LQ WKLV VFRSH 6LQFH GHVLJQ VWDQGDUGV DQG RSHUDWLRQDO
FKDUDFWHULVWLFV HJ YHKLFOH VL]H HWF DUH REYLRXVO\ YHU\ GLIIHUHQW EHWZHHQ (XURSH DQG RWKHU SODFHV
DURXQGWKHZRUOGHVSHFLDOO\LQ1RUWK$PHULFDWKLVEDFNJURXQGVHFWLRQIRFXVHVRQSUHGLFWLYHPRGHOVWKDW
KDYHHVWLPDWHGDQGDSSOLHGLQ(XURSHDQFRXQWULHV










3HGHVWULDQ DFFLGHQWV DW LQWHUVHFWLRQV ZHUH PRGHOOHG E\0DKHU DQG 6XPPHUVJLOO  DQG *nUGHU
 IRU URXQGDERXWV %RWK RI WKHP XVHG PXOWLSOLFDWLYH PRGHOV ZKLFK RQO\ LQFOXGHG PRWRUL]HG
YHKLFOHVDQGSHGHVWULDQYROXPHVDVH[SODQDWRU\YDULDEOHV
7KHGHYHORSPHQW DQG DSSOLFDWLRQRI DFFLGHQW SUHGLFWLRQPRGHOV IRU YDULRXV W\SHVRI KLJKZD\ VDIHW\
DQDO\VHVLQ3RUWXJDOLVYHU\UHFHQWEXWKLJKO\MXVWLILHGDVGLVFXVVHGLQ9LHLUD*RPHVDQG&DUGRVR





XUEDQ QHWZRUNV DFFRUGLQJ WR GLIIHUHQW GHVHJUHJDWLRQV DFFRUGLQJ WR WKH URDG HOHPHQW  DW LQWHUVHFWLRQV
WKUHH OHJV IRXU OHJV DQG URXQGDERXWV DQG LQ VHJPHQWV DFFRUGLQJ WR W\SH RI DFFLGHQW  DFFLGHQWV
LQYROYLQJSHGHVWULDQVDQGRWKHUYLFWLPVDQGDFFRUGLQJWRWKHLQFOXVLRQRIH[SODQDWRU\YDULDEOHVUHODWHGWR
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WKH URDG HQYLURQPHQW  VLPSOLILHG RQO\ ZLWK WKH
H[SRVXUH YDULDEOHV DQG JOREDO ZLWK DOO SRWHQWLDO
H[SODQDWRU\YDULDEOHV
*HRFRGHGDFFLGHQWGDWDEDVH
*HRFRGLQJ DFFLGHQWV RQ GLJLWDO URDG QHWZRUNV
KDVJUHDWDGYDQWDJHVIRUVDIHW\VWXGLHVQDPHO\WKH
TXLFNYLVXDOL]DWLRQRI WKHLUGLVWULEXWLRQRU WKHIDVW
JDWKHULQJ RI UHOHYDQW LQIRUPDWLRQ DFFRUGLQJ WR WKH
VSHFLILHG FULWHULD $OVR D JHRFRGHG DFFLGHQW
GDWDEDVH HQDEOHV WKH VLPXOWDQHRXV HYDOXDWLRQ RI
GLIIHUHQW W\SHV RI LQIRUPDWLRQ DFFLGHQWV URDG
FKDUDFWHULVWLFVWUDIILFRURWKHU,QWKHVFRSHRIWKLV
VWXG\ WKHJHRFRGHGDFFLGHQWGDWDEDVHZDVXVHGWR






,Q 3RUWXJDOZKHQ D URDG DFFLGHQW RFFXUV WKH SROLFHZULWHV DQ DFFLGHQW UHSRUW ,Q WKH FDVH RI LQMXU\
DFFLGHQWVDVWDWLVWLFDOEXOOHWLQRIURDGDFFLGHQWLVDOVRILOOHGLQEDVHGRQWKHILUVWRQHZKLFKLVVHQWWRWKH
1DWLRQDO 5RDG 6DIHW\ $XWKRULW\ ZKLFK LV UHVSRQVLEOH IRU RUJDQL]LQJ WKH GDWDEDVH RI 3RUWXJXHVH URDG
DFFLGHQWV,QWKLVGDWDEDVHWKHILHOGZKHUHZHFDQILQGWKHLGHQWLILFDWLRQRIWKHSODFHZKHUHWKHDFFLGHQW




WKH SUHFLVH ORFDWLRQ RI WKH DFFLGHQW UHIHUUHG WR ,Q WRWDO LQIRUPDWLRQ ZDV WDNHQ IURP  DFFLGHQWV




GDWD DQG WUDIILF YROXPHV YHKLFOHV DQGSHGHVWULDQV)LJXUH VKRZV WKH JUDSKLFDO UHSUHVHQWDWLRQRI WKH
/LVERQURDGQHWZRUNDQGWKHORFDWLRQRIWKHLQWHUVHFWLRQVDQGVHJPHQWVFRQVLGHUHGLQWKHGDWDVHW
*LYHQ WKH FRVWV DVVRFLDWHGZLWK WKH GDWD FROOHFWLRQ WKH GDWDVHW XVHG RQ WKHPRGHOOLQJZDV VPDOOHU
SDUWLFXODUO\ LQ ZKDW FRQFHUQV DFFLGHQWV ZLWK SHGHVWULDQV LQ ZKLFK LW ZDV QRW SRVVLEOH WR XVH D WUDIILF
















IRU WKH PRGHOV UHJDUGLQJ RWKHU LQMXU\ DFFLGHQWV ,Q ZKDW FRQFHUQV  OHJJHG LQWHUVHFWLRQV WKH GDWDVHW
LQFOXGHGDQGORFDWLRQVUHVSHFWLYHO\7KHURXQGDERXWVGDWDVHWKDGWKHVDPHGLPHQVLRQIRUWKHWZR
W\SHV RI PRGHOV  DQG ILQDOO\ WKH URDG VHJPHQWV GDWDVHW LQFOXGHG  ORFDWLRQV IRU WKH PRGHOV
FRQFHUQLQJDFFLGHQWVZLWKSHGHVWULDQVDQGIRUWKHRQHVFRQFHUQLQJRWKHULQMXU\DFFLGHQWV
7RREWDLQWKHQXPEHURIDFFLGHQWVRFFXUUHGLQHDFKSODFHWKH*,6GDWDEDVHGHYHORSHGLQWKHVFRSHRI
WKLV VWXG\ ZDV XVHG 7R DFFRXQW DFFLGHQWV FODVVLILHG DV LQWHUVHFWLRQUHODWHG D UDGLXV RI P IURP WKH
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7KH 1HJDWLYH %LQRPLDO PRGHO KDV WKH IROORZLQJ PRGHOOLQJ VWUXFWXUH /RUG  WKH QXPEHU RI
DFFLGHQWV µ LW< ¶ IRU D SDUWLFXODU WKL VLWH DQG WLPH SHULRG W ZKHQ FRQGLWLRQDO RQ LWV PHDQ LWP LV 3RLVVRQ
GLVWULEXWHGDQGLQGHSHQGHQWRYHUDOOVLWHVDQGWLPHSHULRGV
a_ LWLWLW 3R< PP  L «,DQGW «7   
7KHPHDQRIWKH3RLVVRQLVVWUXFWXUHGDV





:LWKWKLVFKDUDFWHULVWLFLWFDQEHVKRZQWKDW LW< FRQGLWLRQDORQ LWP DQGD LVGLVWULEXWHGDVD1HJDWLYH
%LQRPLDO UDQGRP YDULDEOH ZLWK D PHDQ LWP DQG D YDULDQFH LWLW DPP  UHVSHFWLYHO\ 7KH SUREDELOLW\
GHQVLW\ IXQFWLRQ 3') RI WKH 1HJDWLYH %LQRPLDO VWUXFWXUH GHVFULEHG DERYH LV JLYHQ E\ WKH IROORZLQJ
HTXDWLRQ
    
 






DD PDD P P D P DD
 
 
*  § · § · ¨ ¸ ¨ ¸ * © ¹ © ¹
   
:KHUH
 LW\  UHVSRQVHYDULDEOHIRUREVHUYDWLRQ L DQGWLPHSHULRG W 
 LWP  PHDQUHVSRQVHIRUREVHUYDWLRQ L DQGWLPHSHULRG W DQG
 9 GLVSHUVLRQSDUDPHWHURIWKH1HJDWLYH%LQRPLDOGLVWULEXWLRQ






 S/$,& ORJ      
:KHUH / LV WKH PD[LPL]HG YDOXH RI WKH OLNHOLKRRG IXQFWLRQ IRU WKH HVWLPDWHG PRGHO DQG S LV WKH
QXPEHURISDUDPHWHUVLQWKHVWDWLVWLFDOPRGHO7KH$,&PHWKRGRORJ\DWWHPSWVWRILQGWKHPRGHOWKDW
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ZKHUH QL LV WKH REVHUYHG QXPEHU DQG ȝL LV WKH H[SHFWHG QXPEHU RI DFFLGHQWV ȝL LV WKH SUHGLFWHG
H[SHFWHG YDOXH DQG Q LV WKH DYHUDJH REVHUYHG QXPEHU RI DFFLGHQWV &ORVHU YDOXHV WR RQH DUH
DVVRFLDWHGZLWKEHWWHUPRGHOV
x (OYLN¶V LQGH[  (5  WKDW DOORZV WR TXDQWLI\ WKH SURSRUWLRQ RI V\VWHPDWLF YDULDWLRQ H[SODLQHG E\ WKH

























7KLV VHFWLRQ SUHVHQWV WKH HVWLPDWLRQ UHVXOWV RI WKH PRGHOV WKDW ZHUH GHYHORSHG IRU /LVERQ DQG LV
RUJDQL]HGE\W\SHRIDFFLGHQWDFFLGHQWZLWKSHGHVWULDQDQGRWKHULQMXU\DFFLGHQWV)RUHDFKRQHRIWKHVH





WKDW URDG DFFLGHQWV KDYHPXOWLSOH FDXVHV DQG WKH RQO\ H[SODQDWRU\ YDULDEOHV XVHG DUH UHODWHGZLWK WKH








6  37)7<L uuu D 
* 1RWILWWHG  
OHJJHG
LQWHUVHFWLRQV
6  )93<L uu  E 
* 1RWILWWHG  
5RXQGDERXWV
6   )93<L uu D 




 <L  HVWLPDWHGQXPEHURIDFFLGHQWVSHU\HDU
)7  WRWDOHQWHULQJWUDIILFIORZLQYHKLFOHVSHUGD\$$'7
37  WRWDOHQWHULQJSHGHVWULDQIORZLQSHGHVWULDQVSHUGD\$$'7
 )93  )737YDULDEOHV
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7KHFRHIILFLHQWVDVVRFLDWHGZLWKWKHYDULDEOH)7ZHUHDOZD\VKLJKHUWKDQRQHDQGLQWKHFDVHRI37
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<L   HVWLPDWHG QXPEHU RI DFFLGHQWV SHU \HDU )7  WRWDO HQWHULQJ WUDIILF IORZ LQ YHKLFOHV SHU GD\
$$'7 /%   ODQH EDODQFH /:0$-   DYHUDJH ODQH ZLGWK RQ PDMRU GLUHFWLRQ P /:0,1  
DYHUDJHODQHZLGWKRQPLQRUGLUHFWLRQP5730$- SUHVHQFHULJKWWXUQODQHVRQPDMRUGLUHFWLRQ
5730,1 SUHVHQFH ULJKW WXUQ ODQHVRQPLQRUGLUHFWLRQ7&'  WUDIILFFRQWUROGHYLFHV/0$-7 
WRWDOQXPEHURIHQWHULQJODQHVRQPDMRUGLUHFWLRQ RUPRUH1/$1(6 QXPEHURIODQHVLQERWK





URXJKO\ WKH VDPH YDOXH DOO ZLWK SRVLWLYH VLJQ ZKLFK FRUUHVSRQGV WR DQ LQFUHDVH LQ WKH QXPEHU RI
DFFLGHQWVZLWKLQFUHDVLQJ$$'7
$VPHQWLRQHGEHIRUHLQWKHRWKHULQMXU\DFFLGHQW¶VPRGHOVLWZDVSRVVLEOHWRXVHDWUDIILFDVVLJQPHQW
PRGHOZKLFK DOORZHG WR LQFUHDVH WKH GDWDVHW2QH LPPHGLDWH DGYDQWDJH RI WKLV IDFWZDV WKH ILWWLQJ RI
VLPSOLILHGDQGJOREDOPRGHOVWRDOOWKHURDGHOHPHQWV$QRWKHUDGYDQWDJHUHODWHVWKHTXDOLW\LPSURYHPHQW
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RIILWRIWKHPRGHOVZKLFKH[SHULHQFHGDKLJKLQFUHDVH)URPWKHOLVWRIVLJQLILFDQWYDULDEOHVSUHVHQWHGLQ
7DEOHRQO\ WKHQXPEHURI OHJVZLWK WUDIILF LQRQO\RQHGLUHFWLRQ/2:DQG WKHPHGLDQSUHVHQFHRQ












YDULDEOHV UHODWHG WR WKHURDGHQYLURQPHQW VLPSOLILHGPRGHOV RQO\ZLWK WKHYDULDEOHVRIH[SRVXUHDQG
JOREDOZLWKDOOH[SODQDWRU\YDULDEOHVPHDVXUHG




7KH VLJQLILFDQW H[SODQDWRU\ YDULDEOHV DVVRFLDWHG ZLWK LQFUHDVHV LQ WKH IUHTXHQF\ RI DFFLGHQWV ZHUH
WUDIILF ODQHEDODQFHDYHUDJH ODQHZLGWKRQPDMRUGLUHFWLRQDYHUDJH ODQHZLGWKRQPLQRUGLUHFWLRQ WKH
SUHVHQFHULJKWWXUQODQHVRQPDMRUGLUHFWLRQWKHSUHVHQFHULJKWWXUQODQHVRQPLQRUGLUHFWLRQWKHWUDIILF
FRQWUROGHYLFHVWKHWRWDOQXPEHURIHQWHULQJODQHVRQPDMRUGLUHFWLRQEHLQJHTXDORUKLJKHUWKDQWKUHHWKH
QXPEHU RI ODQHV LQ ERWK GLUHFWLRQV EHLQJ HTXDO RU KLJKHU WKDQ IRXU DQG WKH QXPEHU RI OHJV RI WKH
LQWHUVHFWLRQ 7KH YDULDEOHV ZKRVH VLJQDO ZDV DVVRFLDWHG ZLWK D GHFUHDVH LQ WKH IUHTXHQF\ RI DFFLGHQWV
ZHUH WKHQXPEHURI OHJVZLWK WUDIILF LQRQO\RQHGLUHFWLRQDQGWKHPHGLDQSUHVHQFHRQPDMRUGLUHFWLRQ
6HYHUDOPHWKRGVZHUHXVHGWRDVVHVVWKHJRRGQHVVRIILWRIWKHGHYHORSHGPRGHOVDOORZLQJPRUHUREXVW
FRQFOXVLRQV











VL]HZKLFKZRXOG DOORZ WR LPSURYH WKHPRGHOV SUHGLFWLYH FKDUDFWHU 7KH DGHTXDF\ RI RWKHU VWDWLVWLFDO
GLVWULEXWLRQVVXFKDVWKH3RLVVRQORJQRUPDO&RQZD\0D[ZHOO3RLVVRQ*DPPDWRWKHGDWDFROOHFWHGLQ
WKLVZRUNVKRXOGDOVREHWHVWHG
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